Abstract.the new Magnesium Phosphate Cement (MPC) was prepared by using the by-products of extracting lithium boron magnesium oxide (B-MgO ) as raw material. The influence of hydration hardening process was studied by testing setting time and compressive strength of different raw materials ratio of MPC. The phase composition and microstructure of hardening body morphology was analyzed by XRD and SEM. The result shows that there is a little impact of the distribution of raw materials ratio to the setting time, but the effect is remarkable to the compressive strength, phase content and microstructure of hardening body. By XRD and SEM observation, the best raw material proportioning of MPC has the highest generation of hydration products which from small petals of acicular crystals to rod and flat crystallization with a high degree of crystalline and compact structure and less defect.
Introduction
Magnesium phosphate cement (MPC) is composed of sintered magnesia, phosphate, and retarder; it is fast-setting, good plasticity and adhesiveness and exhibits early high strength [1~5] . Magnesium oxide used in MPC is obtained by calcining alkali magnesium carbonate (Mg(OH) 2 ·4MgCO 3 ·5H 2 O) or medical-grade MgO at 1400°C-1700°C [6~11] . In this paper, we use the by-products of extracting lithium boron magnesium oxide (B-MgO) as raw material for the preparation of MPC. In salt lake brine extraction of lithium carbonate process, no matter adopt what kind of process, the extraction of 1 ton of lithium carbonate products, all can produce about 10 tons of by-product magnesium oxide, this magnesium oxide have low activity, product hydration reaction difficultly and contain a small amount of boron and boron and magnesium separation difficult, so usage is very limited. However, it is suitable for the preparation of MPC as raw material. In this material, boron as retarder can play a retarding effect [12] , no need to add retarder additionally, simplify the process.
The mass ratio of magnesium oxide and potassium dihydrogen phosphate in MPC has important influence for physical mechanics property of MPC. Weil, etc. [13] have studied the performance of the MPC, considered the basic components of MgO compared with ammonium dihydrogen phosphate components should be excessive, excessive amounts of MgO as a skeleton of the system can improve its hardening strength, but this ratio must meet certain requirements. In this paper, the raw material ratio on the properties of new magnesium phosphate cement was studied. Physical and mechanical properties of MPC were researched by measuring its setting time, hydration heat release curve, compressive strength. Phase and microstructure were analyzed combined with XRD and SEM.
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Experimental Studies

Raw Materials
Magnesium oxide was the B-MgO byproduct after extracting Li 2 CO 3 from salt lakes at Qinghai Citic Guoan Technology, China. The main chemical composition and physical phase composition see literature [14, 15] , the B-MgO need calcinations at 1000℃ for 3h to decompose Mg(OH) 2 to MgO before preparing MPC.
Analytical grade potassium dihydrogen phosphate (KH 2 PO 4 or KDP) was provided by the National Medicine Group Chemical Reagent Co., China. Before preparing the MPBC, it was dried at 60°C ± 1°C for 24 h to remove free water.
Experimental Methods
Setting Time
The setting time of the cement pastes was determined using a modified Vicat needle according to ASTM standard C807-05. After the sample molding, try using needle contact surface of sample, let the slider free fall, try to pin down sample is less than 1 mm, the time required was setting time.
Compressive Strength
The compressive strength of hardened MPC specimens was measured with a SANS-Microcomputer controlled electronic universal testing machine (CMT6104) with a compression speed of 5 mm/min. There samples were tested for each composition and time point.
Crystal phase and Microstructure
The crystal phase of samples cured for 3 h and 28 days was identified with an X'pert Pro X-ray diffractometer with Cu Lα radiation. The sample was ground to particles of less than 35 μm. Scanning electron microscopic (SEM) imaging was performed on dried gilded specimens (JSM-5610LV).
Results and Discussion
Setting Time and Adiabatic Temperature Curve of MPC
The setting time of different mass ratio of M/K are shown in Table 1 . Fixed liquid-solid ratio of 0.22 :1, the M/K has a certain influence on the setting time, but overall change is not big, all around 6 to 8 min. With the increase of M/K, the setting time shortened. It shows that setting time is associated with the concentration of Mg 2+ in the solution. The more Mg 2+ , the shorter setting time. 
MPC Compressive Strength
Compressive strength is an important index of bone repair material quality. The compression strength at different mass ratio of M/K at 1 and 3 hours and 1, 3, 7, 14 and 28 days are shown in Figure 1 . Different mass ratio of M/K had a substantial effect on MPC compressive strength.
Increasing the mass ratio of magnesium oxide initially increased MPC compressive strength, but this index then decreased, thus revealing an ideal mass ratio range. At the mass ratio of 1:1 ~ 2:1, maximum compressive strength at 1 h and 3 h reached 55. Fig. 3a) , the morphology of hydration products are the thin sheet crystals stitching together, the structure of hardened body is compact within a small amount of micro cracks. When the mass ratio of M/K increases to 1.5:1, 2:1 and 2.5:1 (Fig. 3b, 3c, 3d ), the morphology of hydration products mainly as the long rod or plate shape crystals, the structure of hardened body is compact, too. Continue to increase the mass ratio of M/K to 3:1, the hydration products have no obvious morphology, disorganized crystal loosely piled up together and the structure of the hardened body becomes loose. 
Conclusions
(a) The mass ratio of M/K among 1:1 to 3:1 has unconspicuous effect on the setting time and adiabatic temperature curve. The setting time is very short, all about 6 to 8 min. The maximum heating temperature all among 60~75°C; However, different mass ratio of M/K had a substantial effect on MPC compressive strength, the optimal range of mass ratio of M/K is from 1:1 to 2:1, the 1-hour and 28-day strength reached 55.5 MPa and 92.1 MPa respectively. (b) Different mass ratio of M/K has little influence on characteristic peak of phase composition. The main hydration product of MPC is KMgPO 4 ·6H 2 O (MKP); its content and microstructure can be easily modified by altering the mass ratio of M/K. The evolution process of the morphology of hydration product is by acicular crystal gradually grow into a bar, plate shape, triangle shape and finally growth into one of the thin crystal plate with MgO grains.
